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NOTE 


This  Record  is  made  up  of  two  parts,  A 
and  B.  Part  A presents  background  and 
procedures  used  for  compiling  the  reliability 
record  for  the  6000-pound  gasoline-engine- 
driven  fork-lift  truck;  Part  B is  the  Reliability 
Status  Report  for  the  truck. 
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FOREWORD 


This  document  is  one  of  three  prepared  under  Contract  DAAK01-70-D-4142,  Delivery 
Order  0001: 

Reliability  Record  for  6000-Pound  Gasoline- Engine- Driven  Fork-Lift  Truck 

Reliability  Record  for  Gasoline-Engine-Driven  Fork-Lift  Truck  Family 

Failure  Modes  and  Effects  Analysis  for  Gasoline-Engine-Driven  Fork-Lift  Truck  Family 

These  reports  were  the  result  of  a six -month  review  and  evaluation  of  fork-lift  truck 
operation,  including  data  collection  and  analysis. 
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PART  A 


BACKGROUND  AND  PROCEDURES 


PURPOSE 

This  record  is  a compilation  of  reliability  information  pertaining  to  the  6000-pound 
gasoline-engine-driven  forklift  truck  and  its  subsystems  and  major  components.  The  vehicle 
is  used  in  warehousing  operations  and  is  described  generally  by  the  nomenclature  Army 
Model  MHE-193  (ESN  3930-738-5938).  The  record  serves  as  the  primary  managementr 
control  tool  for  the  truck’s  reliability.  


2.  SCOPE 

Part  A of  the  reliability  record  includes: 

• A general  description  of  the  6000-pound  gasoline-engine-driven  fork-lift  truck 

• A general  profile  of  functions  that  must  be  performed  by  the  truck  and  its  systems 

• A description  of  a typical  mission  for  the  truck,  indicating  the  percentages  of  time 
the  various  systems  function  during  the  mission 

• A definition  of  “failure”  in  terms  of  its  effects  on  the  accomplishment  of  the  mission 

• A list  of  documents  used  in  the  preparation  of  this  reliability  record 

• Reliability  block  diagrams  depicting  the  relationships  between  the  reliability  of  the 
truck  and  its  major  systems  and  subsystems/assemblies 

■ An  explanation  of  the  methods  used  to  compute  the  reliability  values 

3.  DESCRIPTION  OF  THE  TRUCK 

The  6000-pound  gasoline-engine-driven  fork-lift  truck  to  which  this  reliability  record 
applies  is  a nontactical  vehicle  designed  for  handling  and  warehousing  of  materials.  Its 
several  models  differ  in  the  number  of  engine  cylinders,  the  number  and  type  of  tires,  the 
lift  height,  and  the  type  of  transmission.  This  record  applies  to  a six-cylinder,  pneumatic- 
tired  (four  7.50  X 15  drive-wheel  and  two  7.50  X 10  steering-wheel  tires)  vehicle,  with  an 
hydraulic  transmission  and  power  steering. 

The  truck  is  powered  by  an  internal  combustion,  piston-driven  engine  equipped  to 
eliminate  radio  interference.  Materials  handling  is  accomplished  by  a two-pronged  fork  on 
an  upright  boom  lift  powered  for  lifting  and  tilting  by  an  engine-mounted  hydraulic  pump. 
(The  hydraulic  pump  also  serves  the  truck’s  power  steering.)  The  boom  can  be  tilted 
forward  or  backward  as  required  by  the  nature  of  the  load  or  operation.  The  speed  of  the 
truck  is  limited  by  an  engine  governor.  An  overhead  guard  is  provided  to  protect  the 
operator  from  falling  objects. 
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4.  DESCRIPTION  OF  SYSTEM  FUNCTIONS 


I 


The  truck  is  composed  of  15  systems  that  perform  various  functions  during  the  mis- 
sion. The  systems  and  brief  descriptions  of  their  functions  are  listed  in  Table  1. 


Table  1.  FUNCTIONAL  DESCRIPTIONS  OF  THE  TRUCK’S  SYSTEMS 

Name 

Functional  Description 

Engine  System 

Provides  motive  power  for  propelling  the  fork  lift 
truck  and  for  driving  accessory  subsystems,  such  as 
the  generator  assembly,  water  pump,  and  hydraulic 
pump 

Fuel  System 

Delivers  fuel  and  air  mixture  to  the  engine  propor- 
tional to  the  vehicle’s  power  demand 

Exhaust  System 

Transports  the  products  of  combustion  away  from 
the  engine 

Cooling  System 

Maintains  a constant  and  uniform  engine  temperature 

Electrical  System 

Generates,  regulates,  and  delivers  electrical  power 
for  engine  ignition  and  operation  of  electrical  sub- 
systems 

Transmission  System 

Transmits  engine  power  and  regulates  the  power 
torque /speed  characteristic  in  response  to  vehicle 
demand  and  operator  set  point 

Propeller  System 

Transmits  motive  power  from  the  transmission  to 
the  differential 

Front  Axle  System 

Transmits  motive  power  from  the  propeller 
shaft  to  the  front  wheels 

Rear  Axle  System 

Transmits  steering  force  to  the  rear  wheels 

Brakes  System 

Reduces  vehicle  speed  by  converting  vehicle  kinetic 
energy  to  heat  energy  and  holds  vehicle  immobile 
when  stopped 

Wheels  System 

Supports  vehicle  weight  and  provides  for  vehicle 
rolling  motion  and  braking  action 

Steering  System 

Controls  the  direction  of  vehicle  motion  in  response 
to  operator  set  point 

Frame  System 

Provides  primary  vehicle  structural  support  for 
systems  and  operator 

Body  System 

Provides  enclosure  for  vehicle  systems  and  operator 

Hydraulic  Lift  System 

Generates,  regulates,  and  delivers  hydraulic  power 
for  lifting  and  tilting  the  load 
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5.  MISSION  PROFILE 


Use  of  the  truck  generally  involves:  starting  the  engine,  allowing  the  engine  to  warm  up 
by  idling,  performing  several  operating  cycles,  and  then  stopping  the  engine.  This  procedure 
is  repeated  numerous  times  during  an  eight-hour  shift.  An  operating  cycle  consists  of  (a)  a 
drive  function,  in  which  the  truck  moves  toward  and  maneuvers  in  on  a load;  (b)  a 
tilting/lifting  function,  in  which  the  truck  picks  up  the  load  (transmission  in  neutral  position 
and  the  handbrake  engaged);  (c)  a transport  function,  in  which  the  truck  transports  the  load 
to  another  position;  and  (d)  a deposit  function  in  which  the  truck  deposits  the  load  (again 
with  the  transmission  in  neutral  position  and  the  handbrake  engaged). 

Observation  of  operations  at  several  Depot  warehouses  disclosed  that  a single 
warehousing  operation  (i.e.,  transferring  one  load  from  one  point  to  another)  does  not 
typify  the  mission  of  the  truck.  The  mission  is  more  aptly  described  by  a full  day’s 
operation,  involving  numerous  starts  and  stops  and  the  transporting  of  numerous  loads  of 
different  weights  over  different  distances.  Therefore,  the  mission  profile  selected  describes 
the  operation  of  the  truck  throughout  an  eight-hour  shift. 

The  initial  segment  of  a typical  shift  is  as  follows:  (a)  the  operator  performs  daily 
preventive-maintenance  tasks,  such  as  checking  oil  level,  coolant  level,  battery  condition, 
belt  condition,  and  lights;  (b)  he  starts  the  truck  and  allows  it  to  idle  until  the  engine 
reaches  operating  temperature,  (c)  he  proceeds  through  several  cycles  of  driving  to,  lifting, 
transporting,  and  depositing  a load,  (d)  he  stops  the  engine  and  “parks”  the  truck.  Such  an 
initial  segment  is  illustrated  in  Figure  la.  In  addition  to  the  final  stop  at  the  end  of  the  shift, 
the  vehicle  is  stopped  for  a morning  break,  a meal  break,  an  afternoon  break,  and  an  average 
of  four  other  times  for  various  reasons  during  the  shift.  Engine  warm-up  occurs  only  at  the 
beginning  of  the  shift  and  after  the  meal  break.  The  typical  complete  shift  described  above 
is  illustrated  in  Figure  lb. 

The  time  values  shown  in  Figure  1 were  derived  from  field  observations  and 
examination  of  vehicle-use  data.  In  Table  2,  the  durations  and  frequencies  of  occurrence  of 
the  various  functions  are  listed  and  converted  to  percentages  of  total  operating  time.  The 
total  operating  time  of  4.66  hours  for  the  8-hour  mission  was  rounded  to  5 hours  in  the 
subsequent  reliability-assessment  computations. 

The  environment  in  which  the  truck  works  depends  on  the  nature  of  the  operation  it 
supports.  In  the  warehousing  environment  typical  to  the  Continental  United  States 
(CONUS)  — for  which  the  vehicle  is  designed  and  in  which  our  data  were  gathered  — the 
vehicle  generally  drives  and  transports  across  relatively  flat  and  smooth  surfaces  in  a 
moderate  temperature  and  humidity  range. 

The  truck  is  designed  to  facilitate  ready  adjustment,  servicing,  or  replacement  of  fan 
belt,  ignition  assemblies  and  parts,  carburetor  and  components,  fuel  pump  and  components, 
oil  filter  and  components,  clutch,  starter,  generator,  generator  regulator,  battery,  wearing 
parts  of  the  steering  assembly,  tires,  wheels,  lights,  eind  horn.  In  a typical  CONUS  Army 
Depot,  all  such  work  is  performed  by  the  motor  pool’s  maintenance  shop  (i.e.,  depot  level 
of  maintenance).  Any  maintenance  at  the  user  location  is  performed  by  a roving  mechanic 
from  this  shop.  Operators  do  not  perform  any  maintenance. 
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a.  Initial  Segment  of  a Typical  Shift 
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b.  Typical  Complete  Shift  (Mission) 


Total  Operating  Time  5 hours 

Total  Nonoperating  Time  3 hours 

Two  0.25-hour  rest  breaks 
One  1.00-hour  meal  break 
Four  0.375-hour  random  stops 

Total  Shift  (Mission)  Time  8 hours 


Figure  1.  MISSION  PROFILE 
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Table  2.  DISTRIBUTION  OF  TIME,  BY  FUNCTION, 
DURING  ONE  MISSION 


Duration 

Frequency 

Total 

Percentage 

Function 

per  Occurrence 

of 

Time 

of  Operating 

(minutes) 

Occurrence 

(minutes) 

Time 

Start 

0.25 

8 

2.0 

0.7 

Idle 

5.00 

2 

10.0 

3.6 

Drive 

0.75 

89 

66.7 

23.8 

Lift 

0.75 

89 

66.7 

23.8 

Transport 

0.75 

89 

66.7 

23.8 

Deposit 

0.75 

89 

66.7 

23.8 

Stop 

♦0.16 

8 

1.3 

0.5 

Total  Operating  Time 

280.1 1 

100.00 

Operating  Time 

**4.66  hoursJ 

Non  Operating  Time  | 

3.34  hours 

Mission 

Time  I 

1 

8.00  hours 

*Assumed  value. 

**Rounded  to  5 hours  for  the  reliability-assessment  computations. 


6.  FAILURE  DEFINITION 

There  are  no  QMRS,  SDRs,  or  specific  performance  specifications  available  from  which 
established  performance  limits  for  the  6000-pound  gasoline-engine-driven  fork-lift  truck 
might  be  extracted.  Furthermore,  the  TAERS/TAMMS  data  that  were  collected  for 
reliability  analysis  do  not  record  instances  of  marginal  performance  detrimental  to  the 
mission.  Consequently,  it  was  not  feasible  to  define  failure  in  the  quantitative  terms  of 
performance  criteria.  As  the  best  alternative,  failure  was  defined  as  any  incident  that 
deadlines*  the  vehicle  during  operation  or  that  results  in  an  unscheduled  replacement  or 
repair  action. 

7.  LIST  OF  DOCUMENTS  USED 

The  following  documents  were  used  in  preparing  this  reliability  record : 

AMCR  702-8:  Quality  Assurance  Reliability  Record  and  Status  Report 

• TB-750-93-1:  Functional  Grouping  Codes:  Combat  Tactical,  and  Support  Vehicle 
and  Special  Purpose  Equipment 

♦Inoperative  due  to  damage,  malfunctioning,  or  necessary  repairs. 
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MIL-STD-268C:  Military  Standard  Test  and  Inspection  of  Trucks,  Lift,  Fork. 

TM  10-3930-238-35P:  DG,  GS,  and  Depot  Maintenance  Repair  Parts  and  Special 
Tool  List,  Truck,  Lift,  Fork,  Gasoline,  Pneumatic-Tired  Wheels,  6000  Pound 
Capacity  Army  Model  MHE-193,  Baker  Model  FJF-060,  FSN  3930-738-5938. 


8.  RELIABILITY  BLOCK  DIAGRAMS 

Reliability  block  diagrams  for  the  6000-pound  gasoline-engine-driven  fork-lift  truck  are 
presented  in  Figures  2 through  18.  Figure  2 is  an  overall  reliability  block  diagram  for  the 
truck,  based  on  the  8-hour-shift  mission.  The  predicted  probability  of  the  truck’s 
completing  the  mission  without  a failure  is  shown  to  be  0.80657.  Figure  3 is  a function 
reliability  diagram  showing  the  systems  that  are  required  to  operate  to  accomplish  a given 
function  and  the  relationships  of  the  systems  to  one  another.  In  all  cases,  the  simple  serial 
relationships  are  apparent.  Each  block  is  identified  by  the  name  of  the  system  and  contains 

(1)  the  Functional  Grouping  Code  for  the  system,  assigned  in  accordance  with  TB-250-93-1, 

(2)  the  probability,  R,  that  the  system  will  perform  successfully  for  the  time  the  vehicle 
operates  in  the  specified  function  during  the  five  operating  hours  of  the  eight-hour  mission, 

(3)  the  percentage,  t,  of  the  total  5-hour  operating  time  that  the  system  operates  in  the 
specified  function. 

Figures  4 through  18  are  reliability  block  diagrams  for  the  fifteen  systems  of  the  truck. 
These  diagrams  show  the  reliability  relationship  of  the  major  subsystems/assemblies  of  each 
system  and  of  the  major  components  of  each  subsystem /assembly.  The  reliability 
relationships  of  the  subsystems /assemblies  are  represented  vertically  to  the  left  of  the 
double  line;  those  of  the  components  of  the  subsystems/assemblies  are  represented 
horizontally  to  the  right  of  the  double  line.*  In  all  cases,  the  simple  serial  relationships  are 
apparent.  Each  block  in  the  diagrams  is  identified  by  the  name  of  the  subsystem/assembly 
or  component  and  contains  (1)  the  Functional  Group  Code  for  the  subsystem/assembly  or 
component,  (2)  the  probability,  R,  that  the  subsystem/assembly  or  component  will  operate 
successfully  during  the  five  operating  hours  of  the  8-hour  shift,  and  (3)  the  percentage,  t,  of 
the  total  5-hour  operating  time  that  the  subsystem/assembly  or  component  operates.  In 
addition,  in  the  component  blocks,  a number  in  parentheses  indicates  the  number  of  such 
components  in  the  subsystem /assembly. 


All  the  reliability  values  in  Figures  2—18  are  derived  from  the  component  failure  rates 
tabulated,  with  supporting  data,  in  the  Appendbc.  The  data  were  collected  from 
maintenance  and  utilization  records  at  three  Depots. 


9.  RELIABILITY  CALCULATIONS 
9.1  Function  Reliability 

The  reliability  of  each  function  is  the  product  of  the  probabilities  that  the  individual 
systems  required  for  that  function  will  perform  satisfactorily  in  that  function  throughout 
the  mission.  The  reliability  of  the  start  function,  for  example,  is  computed  by  the  equation: 

^tart  ~ start  ^ start  ^ start 


*A  “phantom”  component,  with  reliability  R',  is  included  for  each  subsystem /assembly  to  account  for  the 
failures  ascribed  to  the  subsystem/assembly  as  a whole. 
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riTJn  3.  FUNCTION  REUABIUTY  BLOCK  DIAGRAMS 
(Sheet  1 of  2) 


The  method  of  computing  the  reliability  of  the  fuel  system  in  the  start  function  (the 
third  term  in  the  above  equation)  is  shown  below  to  exemplify  the  method  used  for 
computing  all  such  system  reliabilities. 


^3  start  = e ^“3 

where 

Xo3  = Failure  rate  of  the  fuel  system  (failures  per  hour) 

~ Xo301  +X0302  ■*■^0304  ■'■X03O6  ■*'Xo308  ■*'^0312 

where,  for  example 

^0  30  1 “^030  1 ■*'Xo30ll  ■*■^030  1 2 Xq  3 0 1 3 ■'■X030IS  "*■  Xq  3 0 1 6 

therefore 

Xo3  = 130.28  X 10‘® 

'^start  ^ start)  (Total  operating  time  in  hours) 

= (0.007)  (5) 

= 0.035  hours 

Therefore 

Ro3start  = e-(130-28X  10-*)  (0.035) 

= 0.99995 

With  the  other  two  terms  computed  in  like  manner,  the  reliability  equation  for  the  Start 
function  is  quantified  as  follows: 

Rgtart  = 0.99456  X 0.99983  X 0.99995 
= 0.99434 

9.2  Predicted  Mission  Reliability 

The  predicted  probability  of  the  truck’s  .successfully  completing  the  mission  is  the 
( product  of  the  probabilities  that  the  individual  functions  will  perform  satisfactorily 

throu^out  the  mission.  This  is  expressed  by  the  equation: 

l^nission  ~ ^^tart  X l^dle  X (^drive  X R)ift  X I^ransport  X l^deposit  X 

With  the  seven  probabilities  computed  in  the  same  manner  as  described  in  the  previous 
section  for  Rgtart’  I*’®  reliability  equation  for  the  mission  is  quantified  as  follows: 

R^iggion  = 0.99434  X 0.99418  X 0.94344  X 0.95825  X 0.94344  X 0.95825  X 0.99832 
= 0.80657 

*Component  failure  rates  (e.g.,  X030  ■ i ) were  obtained  from  the  tabulation  presented  in  the  Appendbc.  The 
* rate  X'xxxx  represents  the  “phantom”  component  that  accounts  for  failures  ascribed  to  the 

subsystem/assembly  as  a whole;  these  rates  are  included  in  the  Appendbc  tabulation. 
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9.3  Observed  Mission  Reliability 

'I'he  predicted  mission  reliability  computed  as  outlined  in  Sections  9.1  and  9.2  is  based 
on  the  us(>  of  component  reliabilities.  Component  reliabilities  were  computed  from  the 
failure  rates  tabulated  in  the  appendix.  The  component  failure  rates  were  derived  by 
summing  all  failun's  and  un.scheduled  removals  or  repair  actions  and  dividing  by  the  total 
l omponent  operating  time.  This  procedure  provides  the  best  estimate  of  the  component 
failure  rate. 

However,  it  was  observed  that  during  maintenance  actions  the  mechanic  often  repairs  or 
replaces  more  than  one  component  — that  which  deadlined  the  truck  plus  those  which, 
upon  examination,  he  believes  would  preclude  successful  operation  of  the  truck  or  one  of  its 
•sysU-ms.  These  ai  tions  were  counted  against  the  components  even  though  the  truck  failed  or 
was  deadlined  only  once.  In  the  computation  of  truck  reliability  as  described  in  Sections  9.1 
and  9.2,  there  is  an  inherent  a.ssumption  that  a single  component  repair  action  is  performed 
each  time  the  truck  fails  or  is  deadlined. 

Therefore,  the  predicted  truck  reliability  based  on  component  reliabilities  provides  a 
pe.ssimistic  e.stimate.  It  does  not  take  into  account  the  maintenance  policy  in  effect,  which 
reqtiires  the  mechanic  to  inspect  and  repair  as  necessary  every  time  a gasoline-engine-driven 
fork-lift  truck  is  in  the  shop. 

A more  realistic  assessment  of  the  reliability  of  the  6000-pound  truck  can  be  made  by 
computing  the  failure  rate  of  the  truck  on  the  basis  of  its  operating  hours  and  the  number  of 
times  it  was  down  for  unscheduled  maintenance.  The  total  number  of  times  the  6000-pound 
fork-lift  truck  was  down  for  maintenance  during  the  time  period  for  which  the  data  were 
collected  was  671.  Therefore, 


'truck 


since  T 
^truck 


Number  of  Maintenance  Actions 
Total  Operating  Hours 
671 
62,481 

0.01074 

truck  mission  operating  time  5 hours 
p-Xtruck  T ^ g-(0.01074)(5) 

g- 0.0537 
0.9477 


Therefore,  the  probability  that  the  6000-pound  GED  fork-lift  truck  will  successfully 
complete  an  eight-hour  (5  operating  hours)  mission  is  assessed  to  be  0.9477. 

In  a comparison  of  this  value  with  that  computed  by  the  method  described  in  Sections 
9.1  and  9.2  (i.e.,  0.80657),  the  ratio  between  the  values  of  Xt  for  each  reliability  value  was 
computed  as  follows: 


11 


F 


where 


Therefore, 


Rpredicted  * 0.80657  - e*"!  = e' 0-2150 

Rtruck  ■ 0.0477  - ^ - e' 0-0537 


Xj  =■  failure  rate  for  component 
tj  percent  of  time  component  i operates 


0.2150 

0.0537 


4.004 


This  ratio  can  be  used  for  estimating  the  relationship  between  predictions  and 
assessments  made  on  6000-pound  fork-lift  trucks  in  the  future,  assuming  that  the 
maintenance  policy  remains  the  same.  It  is  emphasized  that  this  ratio  can  be  used  for  such 
predictions  only  at  the  truck  level. 
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Figure  J8  HYDRAULIC  LIFT  SYSTEM  RELIABILITY  BLOCK  DIAGRAM 


PARTB 

RELIABILITY  STATUS  REPORT 


1.  PURPOSE 

Part  B of  this  document  presents  reliability,  maintainability,  and  availability  values  for 
the  6000-pound  gasoline-engine-driven  fork-lift  truck  and  its  constituent  systems.  The  values 
are  inserted  on  AMC  Form  1576-R,  following  the  summary  of  computational  procedures  in 
the  following  sections. 


2.  COMPUTATIONAL  PROCEDURES 
2.1  Reliability 

The  system  reliability  values  were  computed  for  the  5-hour  operating  period  observed 
to  be  typical  for  an  8-hour  shift  (the  mission  period).  The  probability  that  the  engine 
system,  for  example,  will  operate  successfully  for  Uie  duration  of  the  mission  is  computed  as 
follows: 


Re, 


ngine 


= Bo  too  X Ro  101  X Ro  102  X Ro  103  X Ro  104  X Ro  105  X Ro  1 06  X Ro  108 
= 0.99225  X 0.99926  X 0.99784  X 0.99976  X 0.99639  X 0.99233  X 0.99799  X 0.99992 


= 0.97593 

In  which,  for  example, 

R =0”  (^0 101)  (To  101) 

"OlOl  ® 


where 

koiol  “\)I01  ■*’\)I01I  ■'■^lOlJ  ■'■^1013  ■'■^1014  “ 14.91  X 10 


5* 


To  1 0 1 “ (to  1 0 1 ) (Total  operating  time  in  hours)  - (0.995)  (5)  - 4.98  hours 

where 

to  1 0 1 ~ percentage  of  operating  time  component  operates  during  mission  as 
determined  from  Reliability  Record  of  Fork-Lift-Truck  Family. 


Therefore 


Ro.o.  0.99926 


’’Component  failure  rates  (e.g.,  \o  1 0 1 1 ) were  obtained  from  the  tabuiation  presented  in  the  Appendix.  The 
rate  X'xxxx  represents  the  “phantom”  component  that  accounts  for  failures  ascribed  to  the 
subsystem /assembly  as  a whole;  these  rates  are  included  in  the  Appendbc  tabulation. 


2.2  Maintainability 


1 

J 


The  values  shown  in  Status  Report  Part  B for  truck  and  system  maintainability  are  the 
mean  maintenance  manhours  per  failure  for  the  truck  or  system.  They  were  computed  by 
summing  the  total  manhours  expended  to  remedy  the  failures  of  the  subsystem/assemblies 
or  parts  and  dividing  by  the  total  number  of  failures.  The  data  for  these  computations  were 
taken  from  the  Reliability  Record  for  the  Fork-Lift-Truck  Family.  The  mean  maintenance 
manhours  per  failure  is  considered  equivalent  to  the  usual  measure  of  maintainability,  mean 
time  to  repair,  since  failures  are  virtually  all  corrected  by  a single  maintenance  man. 

2.3  Availability 

Availability  for  the  fork  lift  truck  is  defined  as  the  probability  that  the  truck  is 
operating  or  is  ready  to  operate  at  any  point  in  time.  The  following  expression  is  used  to 
compute  availability: 


1 

Xi  tj 

A:  S 

' 1 

+ MMMH: 

Xitj 

where 

Xj  - failure  rate  of  i**  item 

tj  - proportion  of  mission  time  during  which  item  i operates 

MMMHj  - mean  maintenance  man  hours  for  i***  item  (equivalent  to  mean  time  to  repair  as 
explained  in  the  previous  section) 


J 


This  expression  is  valid  when  the  following  conditions  apply: 

1.  A continuous  demand  for  the  truck  exists  during  the  5-hour  operating  period 

2.  Maintenance  personnel  are  available  only  during  the  same  5-hour  operating  period 

3.  Maintenance  is  initiated  immediately  when  failure  occurs 

4.  MMMH:  < — 

Xiti 

Since  these  conditions  are  essentially  met  in  the  situation  under  consideration,  the 
expression  provides  a reasonable  estimate  of  availability. 

As  an  example  of  the  computation,  the  availability  of  the  Propeller  System  is 
determined  as  follows.  From  the  failure  rate  data  in  the  Appendix,  the  sum  of  the  failure 
rates  for  the  Propeller  System  is  33.61  X 10”®  failures  per  hour.  Since  the  proportion  of 
mission  time  during  which  each  component  operates  (tj)  is  the  same  for  all  components, 

£ Xj  tj  * tj  £ Xj 

Therefore, 

SXjtj  - 0.476  (33.61  X 10”*)  - 15.998  X 10"* 
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For  the  Propeller  System,  the  MMMH  is  3.06  hours  per  failure.  Therefore,  the 
availability  is 

1 

15.998  X 10"® 


15.998  X 10"® 
0.99951 


+ 3.06 


This  procedure  is  applicable  for  all  systems  in  the  truck.  When  the  observed  overall 
truck  availability  is  computed,  however,  the  fact  that  an  average  of  4.004  failures  were 
corrected  during  each  maintenance  event  must  be  accounted  for  (see  Section  9.3).  At  the 
truck  level,  then,  where  I X|  tj  = 0.043,  we  obtain  the  observed  availability 


4.004 

0.043 


4.004 

0.043 


0.9887 


+ 1.06 


Data  limitations  prohibit  the  computation  of  such  correction  factors  for  multiple 
maintenance  events  at  the  system  or  lower  levels. 


■p 
to  +5  0) 
C'  o i-t 


CVJ 

CVJ 

' — 

>> 

CO 

>> 

m 

rH 

•p 

X 

'w*' 

•H 

X 

iH 

X 

>3 

•rH 

•p 

>> 

X 

P 

X 

tH 

P 

X 

•H 

•H 

CD 

rH 

tH 

y 

rH 

fH 

C 

tH 

iH 

C 

tH 

•H 

•H 

P 

•ri 

X 

P 

P 

CD 

CD 

P 

y 

CD 

CD 

■P 

rH 

CD 

X 

rH 

Ti 

C 

tH 

tH 

c 

tH 

tH 

CD 

iH 

X 

CD 

0) 

> 

0) 

& 

> 

< 

S 

< 

I u 

iH  O EH 

I 


•H  • 

£ (U  -a  0) 
CO  h CD  h 

d 0) 

Sh  iH  43 

d th  c 

0 (0  bO  V 

£ <M  C C 

1 tH  o 

CO  0)  O- 

0)  .Q  S 

C Q.  O 
(0  fn  y 

CO  O 

bO  >H  Uh 

c d MO 
•H  O c 
+3  x;  -H  to 

0)  I +3  -H 
iH  C CO  CO 
Oi  (0  (h  CO 

E S y XI 

O 04 

y y o y 
y Si 

Vi  C Vi  43 

o no 

• c c 
>joo  y >1  o 

43  • 43  43 

tH  CTv  C 1-1  TJ 
i—C  tH  rH  y 

tH  c a 
XI  o S XI  y 

CO  tH  CO  "H 

X 43  C ,0  TJ 
o y CO  o y 
o y y h (h 
CL|  CO  S pc,  Hi 


"CJ  43  43 

y y 
C Ph  X 
o y 

tH  O4  CO 

X o ro 
« ? 

N rH 
•rlCX)  W 

•H  “c  t) 

X c\j  d 

dMD  Pi 
X 

T)  X 
C O Vi 
CO  O 

iH 

y CO  y 

y X rH 
C O Qi 
y X E 
c y 

y y ra 

X 

C -o  w 
X y X 
y X X 
E y X 
X 

Vi  d Vi 

o I O 
X y y 
c y bo 
y y c 
E y 

W X Pi 
m y 
y X y 
CO  X bD  • 
y 3 y y 
y Pi 
y y y 
C .«  X y 
O y Eh  >1 

Qi  d 

d V 'S> 
X -00 

•o  o • 

y X t-m 
y X u^ 
y X X bO 

XX  c» 

I >>x 
y AJ  X y 
d M d X 
X o 1-3 
y X y 
X X M 
y Q y 
U X 

X c5  bO  y 

y d bD 

C • o y 

0 X Pi  V 

X X X y 

X X > 

y o <0 
Pi  O O' 
y oco  y 

01  -CTiX 
oco  X X 


APPENDIX 


FAILURE-RATE  DATA 


NOTE 

The  values  marked  by  an  asterisk  are  for 
the  “phantom”  component  that  represents 
failures  ascribed  to  the  subsystem/assembly  as 
a whole.  This  rate  must  be  added  to  the  other 
appropriate  component  failure  rates  to  deter- 
mine the  failure  rate  of  the  subsystem/ 
assembly. 

The  failure  rates  shown  represent  the  rate 
of  failure  for  that  part  or  group  of  similar 
parts  in  the  subsystem/assembly.  For  exam- 
ple, the  failure  rate  for  the  group  of  six  spark 
plugs  (06059)  is  represented  by  the  value  in 
the  table.  The  failure  rate  for  a single  spark 
plug  would  be  this  number  divided  by  six. 
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Pedal  62,167  1 1.61 


IBIS  PASE  IS  BEST  QUALITY  FRA’Cllt!;A^ 
UtOII  OOFY  1‘0  LDC 


o o o 

(M'S  O 


Q Q O O 
CD  05  OJ  ^ -:3- 


cr\co  o cna\co  o o • 

CT\  I 


^ <u 

(U  tH 

^ <M  :J 
S o H 
3 v-i 

s;  CD 


ojinooj'cOLooo'^'-i 

>45  rvj 


COOOCOCX3COCOOOCOOOCOCOCOCO 

o?a?o7cuojcuojojojojojojoj 

kOVDVOVO'vO'^OVOVOMD'Xl'^'.O'^ 


ca  Pu 
•p  g 

rH  aJ  ^ 

OH  0) 

tc  P3  O 73 

O H <U 

O +5  M •>  0+3 

+3  CO  C +3  bO  ffi  CO 
CO  +3  H <U  C H 

Pp!+3^!£H 

Ogc;c)ca(H+3co  I 

C:gp!«?C0Hp73Ci 
OOOPtHCUOtipIcO 
oospacQPQcQcawfci 


o H oj  m 

H OJ  OVJ-VO  tHX)  (7^H  H H H 

aiojojo/ojojcvjojojojojtOcM 

S'S'S'S'SS'S'S'S'S'S'SS 

ooooooooooooo 


^ ^ OJ 

inco-=r  OD  CTi 

• • • • • 

ohoocolhooo 

tnt-Q  cvicx) 

VO  OOVS  CM  VO 
VO  H H 


-=r  O CM  O O Q 0^0 
^OVOCX3(X)M5  oocm 

••••••  ••• 

o VO  CX5  1033-  33-  H O 00  ^ on 
CM  VO  33 

H H 


Svvo  t^o  H coo  o o 

CM 


mcocomoococncoon 

t- 1- >- 1- >- 

oooocomcocooooooo 


o OMTcH  ODOOHO  LO^CM 


HHHHHHHHHHH 

CX3  00  00  (X)  00  cx)  CO  CO  CO  coco 

33  33  33  ^ 33 -3- -=3- ^ JO- 


CMCMCMCMCMCMCMCMCMCMCM 

vovovovovovovovovovovo 


.o  73 

S H 

0)  O (h 

CO  C 0) 

CO  0)  73 

^ H (1)  H 

O to  CO  +3  1)  o 

^cobOco  bOco^^S 

® cox  CH  3 
.pp>Hx:-rlHPb43x; 
Pk(4C0  73  43  QO] 

a)co«o:^C+3’app 

+3+9a}Pia>^CPp 

(/)cooaPQPQfcW<pq 


H 0033  mvo  tHX3  CJV 
ooonoooooDcomonoo 

'S'SS'SSSS'SS 


0)  o ® 

CO  U 

C O 0)  c 

(U  +3  > CO 
73  ft  3 H > 
C CO  X3  *-l  73 


Sh 

0) 

CO 

O O H P < 

O 

0) 

CO  4^ 

' — (i  +J  (i  H 

< d> 

O CO  O CD 

U)  U)M 

0) 

H 

CO 

h +3  tI  +3  bO 

c c S 

n 

0)  O 

C 

O 3 P p(  p 

H H 

bO  09 

u tc 

o +> 

+3  XJ  X>  <H 

CH 

0 

•H  V 

H H bD*H  •H 

o 

+3  ffl  o h c tl 
H +3  O OJ  +3  H +3  . 

c c +>  ft  w a M 

a O O « H H H 
H O PC  U Q EH  P I 


H CM  0033  mvo  tHX)  OVH  Q 
iTc  in  in  UMnin  u‘ 1 m iTi  iTMxvMa 


6000  POUI^D  FORK-LIFT  TRUCK  FAILURE  RA.TE  DATA 


quality  PRACnCABLE 

roOM  COPY  PURNISHiD  TO  DDC 


*See  Important  note  on  Appendix  cover  sheet 


r 


THIS  PAGE  IS  BEST  QUALITY  PRACTlC^fi^ 
SSIOll  OQPY  FURWISHE©  TO  M>C  ^ 


\ 

(0 

n 

vU 

Lh 

3 

a\  ^ cvjoo 

+ 

OJ  00  0 
-=r  *^0  cvj 

VO  c\j^  invD  VO  p 

1 

■3 

K 

H ^ OJQO  C\J 

rH 

OJ  ^^Ln  ^ pin  ojco 

• • • • • 

• • • • 

« VO 

• • • • • • • 

1—1 

m 

cvjoc\joo'^-=rvo 

nj  0 rHCX)  0 on 

0 0 • • 

oovomopoonoovo 

VO  m c^o 

VO 

on  OJ  rH  OnrH 

CO 

fr, 

o 

rH 

t--  rH  m 

rH 

CO 

U 

(U 

0) 

^ “iH  d 

S O rH 

5f 

oocvoo'-i-=rrH 

S%0  rH  LOO  nj 

♦ 

0 0 H 

<^0  0Jt^O-=3'P  0^1^ 

3 

rH 

m 

CO 

< 

Eh 

< 

hO 

Q 

C 

f-<  CO 

OJOJCMOJOJOJOJOJ 

rH  rH  rH  rH  rH  rH 

rH  rH  rH 

PPPPPPPPPP 

W 

•P  Sh 

rHrHrHrHrHiHrHrH 

00  00  0000  0000 

CO  CO  00 

Eh 

CO  3 

oomroooonoomoo 

J3-^-=3- 

-=r-=f  ^ 

t>- 

«a: 

?-t  o 

^ "V 

(U  ffi 

iHrHrHrHrHrHrHrH 

OJ  OJ  OJ  OJ  OJ  OJ 

OJ  OJ  OJ 

O^O^O^O^CT^CT^O^a^CJ^O^ 

o« 

VO  VO  VO  VO  VO  VO 

VO  VO  VO 

PVJOJOJOJOJOJOJOJOJOJ 

w 

o 

K 

tD 

l-J 

M 

P, 

« 

O 

Z) 

K 

Eh 

EH 

Mh 

M 

o 

u* 

0) 

B 

a 

CO 

CO 

CO 

>s 

5 

• 

0) 

p 

o 

p 

0 

c 

■2 

ph 

•p 

B 

CO 

w 

CD 

0) 

o 

o 

3 

a. 

P 

t>>  ^ 

p:: 

CO 

CO 

•fH 

>j  bO  W 

^ bO 

0)  c 

bO 

C 

< £ 
bO  0 

rH  C 

P -H 

P 

C CP 

P P <U  C 

■p  -p 

0 p p 

S >0 

CO  p 

iH  03 

■H  K ? 

0)  a*  OP 

PQ 

^ Sh 

W CO 

CO  CO  OP 

rH 

0 

ca  h 

m +>3 

«>  w 

CQ  p 

tH  bO  +>  ® rH 

< C C 0 PQ 

M C •> 

P 0 

B C C-P  ® C a 

0 (U  0 eo  >1 

CO  -H  0)  0) 

CO  0) 

laiO-H  VVCOMtHIh 

C-P  CrH+l+J  C CB 

P-rH  EH  B 

to  C 0) 

CVitHrH®J<!®0(B+3 

Ph+3  P<^-P  C >HrH 

0 rH  P)  ^ Q,  CO 

s)  C Ph 

(oioaaJHcaia(OHJ>3 

030003000) 

p 0)  0)  (0  CO  ^ 

0 0 -H 

hvvvuao^v® 

ECQXUPQOXK 

OT  0 Eh  0 0 

0 0 :s 

HCSPQWWOKPQPSIS 

iH 

lO 

C 

a 

r) 

3 <D 

O 73 

r-H  OJ  Oa=l-  LTlVO 

rH  OJ  oo^  m 

rH  OJ 

rH  OJ  on-=j-  tnvo  ^-oo  S 

o o o : 

iHrHrHrHrHrHrHrH 

OJ  (\1  C\)  OJ  OJ  OJ 

rococn 

0000000000 

rHrHrHrHiHrHrHrH 

rH  rH  rH  rH  rH  rH 

p P P 

HHrHHHHHrHrHrH 

VOVDVOVOVOVOVOVO 

VO 'J3  VO  VO  VO  VJ3 

VO  VO  VO 

00000000 

000000 

000 

0000000000 

I 

I 

I 

ik 


THIS  PACE  IS  BEST  QUALITY  PRACTIflAjja 
raiOiM  CX>FYFUEKISHED  TODDC  ^ 


i 


6000  POUND  FORK-LIFT  TRUCK  FAILURE  RATE  DATA 


fflis  PA(ar  IS  BEST  QUALITY  PRACttCmS 
COPY  FURNISHED  TO  DDG 


M 

!-<  (U 

0)  ^ 

jD  d 

E o i-t 

■J  -H 

S CO 

[ii 


o ooo  oj  t~- 

^ VO  rH 

• • • • • 

GOOD  O OJ  M O 
LTN  I — I 


itMTiiH  o c-f  t--0 
ro 


OJ  CM  CM  OJ  CM  OJ  OJ 
COCOOOCOCXDCOCO 

•s 

(7MT\  CTV  CTi  CTv  (Tv  Ch 
LTl  LIT  LTv  UT  LH  LTV  LA 


d a 
o d (u 
— I O T) 
■P  Vi  o 

O CD  O 

c 

d 

Fti 


com  s 

^ bO 

I— I d)  I— rH  C 
<D  Jti  0) — ' 0)  rH  -H 
0)  CO  0)  Oi  <U  CD  h 

x:  x:  d £ <u  Oi 

s PP  ts  CD  s CO  CO 


I-H  CM  cn^  LCTOO 


?M  LfTCTvCD  CMCMOOt^ 
t--  rH  O cn  t^CJD 

co^  O cnvovo  cnt^ 

CTTrH  CD  CM 


^ ooo  oooo 
o 


?M  CO  on  iH  CM  CM  CTOO 
CM  rH  on 


rH  rH  O rH  CTV 

on  iH 


OTCJvCDTCTiOTCTCTiCrv 

CMCMCMCMCMCMCMCM 


CTiCTiCTvCTCh 
CM  CM  CM  CM  CM 


Vr  CD 

0)  TJ  P 

OJ  C rH  PO 

P W 0) 

CO  0)  •. 

-ox;  ca 

H c :s  p 

CD  CO  ^0  rH 

CD  hD  CO 

P TJ  bD  C p pq 
C O c p 

CO  K P fn  P •' 
X Vr  0)  P ^ bO  CO 
CJOJCDOJCDCOCOP 

(UP  (UP  (UXi!  P 

sgHPacococoas 


p CM  on^  iAt~-oo 


o p 

OJ 

CD  X 

P Vr  CD 

P OJ  O 

d 03  C CO 

CO  CO 
Vr  P P p P 
•O  CO  P CO  P 
>5  OJ  >jp  CO 
K CO  O CP  PQ 


p CM  (Jn^ 
CM  CM  CM  CM  CM 


1501  Frame  Assembly  59,482  14*  23.53' 


6000  POLJIID  FORK-LIFT  TRUCK  FA  I 


0.00000 
OJ  CM  C\J  OJ  OJ  OJ 


3 bDcM  C OJ 

<0  d '-'O  a I 

Sh  ^ H -p  0)  y 
Tj  00  ra  o<  to  CO  1 
>J  D.  0)  -H  to  O p 
X W CO  Ph  O K W I 


<-)  CM  mco  CO  Ch 
CMCMCMCMCMCMCMCMCM 
OOOOOOOQO 

CMCMCMCMCMCMCMCMCM 


See  Important  note  on  Appencii.x  cover  sheet 


